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ISTROlJUCT IOl' 

Although the re-are apparently no data ava ilable to prov\" 
that the st rai ns from the va rious animal ~ 1K'Cie~ whi ch a rt' 
liable to na tural pasteurellosis are themselves specifically 
dist inct, it has become customary to give a specific name to 
each organism, cor responding to the an imal fro m which it 
has be en der ived; thus, we have Pasteurella $IIL"t'ptica from 
pigs ; Past. Iept ieeptica from rahhit s ; Past. uvieeptica fro m 
fowls ; Past. vi tl/liseptka Irom calves t Past. boviseptico f rom 
ca ttl e ; Past. muri."ept ica f rom mice and Pasteurella ouise p­
tica f rom sheep. The condit ion produ ced by such organisms 
has been called haemorrhagic septieeruiu, und th e organisms 
th emsel ves are Frequent ly referred to as the huemorrhngic 
septicemia gro up. 

The organism producing pseudotuberculosis in th e gu inea 
pig (Past. pseudotuberculosisr, uud the organism pr oducing 
plague in mnn ( PCLSt. pest is), res emble those producing 
huemorrhagic sept icemia in RO mnrry resp ects, thut they 
appear to be closely related. 

Th e first member of the group W R l'I isolat ed hy Kitt in 1878 
from an epidemic diseuse affectin g hogs und deer . Hueppe, 
in 1886, found that th e organisms of fowl cholera, rabbit 
septicemia, haemorrhngic septicemia of cuttle, and swine 
plague, r esembled each othe r in certain cultural characte rs, 
and that the diseases Caused hv them were simila r. He 
regarded the four organisms as v;rieti es of the same species, 

•	 and gave them the name B. septicemiae haemorrhaqicae. 
Ligni eres 1 (1900) , defined the biology of these organisms more 
elosely and, adopting th e nomenclature proposed hy T'revisan , 
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gave them the name Pasteurella, in commemoration oC Pas­
teur ts work on Cowl cholera. Later investigations have 
established the fact that simila r organisms occur throughout 
the whole animal kingdom, though Lign ieres ' belief in tilt" 
extent of their aetiological sign ificance is not shared h)' 
modern worke rs, and some of them have been considered 
seconda ry invade rs to the virus actually responsible for the 
disease. Malassez and Vignal :t (188.1) wer e the fi rs t to 
describe the pseudot uberculosis in the gu inea pig. Pfeiffer ' 
(1890) recorded finding a bacillus in the disease and named 
it H. pseudotuberculosis. . 

S ince we ure prima r-ily interested in _plague as an im­
portant t ropical d isease, we will discuss here Past. pestis, 
mentioning the other organisms of the g roup only when th..ir 
relat ions to Past. pe.d i,q justify it. 

HISTORY 

There are record!' descr-i bing a ravagi ng epidemic a te early 
a te the vear -l:m B. C., hut the symptoms described in this 
epide mic do not conform with ~y of the known clinical 
enti t ies of the pr esent-day plague. 

About the yea r 300 B. C., a physician who lived in the 
time of Trajan descri bed a fntal malady cha racterized h)' 
high lever, delirium, pains, and the presence nf bu boes. 

More complete records are avail able of other epidemics 
such as that which occurred du ring the reign of tilt" emperor 
Justini an (M2 A. n.), and that lasted for the greater part 
of hal f a century, The "Hlack Death" or Great Mortality 
(1347-Zl0) was also u world-wide event. Prior to thi s epi­
demic, waves of in fecti on coming into Europe were traced 
hark directly or indirectly to Afriru j but at this later date 
the outbreak occurred in China (1334) , and gradually ex­
tended eastwa rd and westward, invading Europe by way ot 
the Crimea and the Black See. In lC88 than ten veara the 
di sease had practically sprea d all over tilt' kno wn world. 
F rom this time on, the plague was established as nn endemic 
disease in various points of Europe, end as a re sult of thi s 
great calamity, qua ra ntine laws W N P enacted for the first 
time. 

. During the 15th and 16th centu r-i es, plagu e epidemics 
occurred in England, Egyp t, Germany, Holland, Italy and 
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Spain. Among these was that of Naples in 1656, which 
killed 300,000 pe rsons in five months , and the Great Plague 
of London (166+-1666), which caused ove r 70,(00 deaths in 
a population of 450,000. Then carne wha t Is generally known 
us the Period of Eastward Recession in which the plague 
definitely receded toward the Orient. Three notable excep­
tions in thi s period wer e the ep idemic uf ~I a r~e i ll {'~ ( H2O), 
the epidemic of )Iesl'I ina (1743) , and th at of ~I u ~'ow (l 7il) . 

In th e beginning of the 19th century, the plague was 
limited to a fe w endemic cente rs in the countries hounding 
the easte rn .\Iediterranean and the Ca ucasus. F rom these­
points occas ional outbreaks spread to sout hern Russin, the 
shores of the Adriatic, and to the Dan ubian couun-ies, hut 
none of th ese invas ions were considered very ser-ious, and 
usually disappeared spontaneously. 

In 1815 plague appeared at Xcya in ens te m Ita ly, but 
remained localized in a small district. In 1833 and there­
aft er, a number of epidemics raged in Egypt . It wus a t this 
tim e that the first serious attempt to study plngu e scien ti f­
icnlly was made. Unfor tuna tely, the work of the F rench 
Commiss ion to ES1"'Pt W88 interrupted h)" th e sudden disap­
pearance of the in fection from the country. 

Plague fina lly left Europe in 1841; ten years lat er it 
di sappeared from Armenia, and in 184:i f rom Syr ia and 
~:gypt. T III1 ~, the Old Levant ine Plague vanished. The pres­
ent pandemic has its or-igin, apparently, in the Chi nese 
province of Yuman. It is well known that in till! yenr 18(;0, 
and aguin in 1871, the dis ease was active in thi s region. ~'r()1II 

here the disease spread over a la rg-e portion of southern 
China, reaching the port of Pakhoi in the rron ~ Ki ng Hull" 
in 1882. It is sai d thnt plague was prevalent in thi s region 
for 15 years, an d it may han pnsaed from hero to Canton, 
where it a ppeared earl)" in 1894. Thence it wus curried hy 
stea mer to Hong K ong' in May of th e sa me yeur. About thi s 
time the di seuse appeared in Bombay, and dur-ing I M~)6-1 920 
plague attained world-wide di ssemination. 

It was in the Hong Ko ng epidemic that the ca use of plague . 
Past. pe..dis. was di scovered. Two .Inpan ese investigator s, 
Kitasato and Acyama, were sen t hy th e .Iapnnese govern­
ment to study the di sea se. The)' arr-ived in Honl{ Kong on 
the 12th of .lune, and on the 14th, Aoyama performed all 
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autopsy. In th e buboes, blood and spleen of thi s case 
Kitasato found n definite bacillus. H e cultured th e same 
organis m from the blood of pat ients with plague, and inocu­
lated mice. gu inea pigs, rabbits and pigeons. With the fOX­

cepti on of the pigeo ns, all the an imals succ umbed to th e 
disease, and the same organis m was isolated from their 
viscera. The F'rench bacte riologist, Yer ain, who WR."! also in 
Hong Kong, Illude similar investigations at the same tim e, 
and isoluted a haeillus simila r to that discove red by Kitasato. 
lt Will' a lso abo ut th is time that Roux ami Yersin defin itel y 
suggested the rela t ion of ra t plague to human in fect ion. ( For 
more de ta iled s tudies of the discovery of B. pest i.\' see 
Lagrange t a nd Severn I.) 

In th e India n epide mic, studies on the bacte riology o r 
plague were carried out hy Ha nkin and Leumann ' (18H1) 
and Chihie T (HillS) and by commissions appointed by the 
various European governments . The r esul ts of th eir work 
i!l published in 8 series of reports, among which OTe: The 
Austria n (Al brecht, MUller, Ohon and P Of'Ck ' , 1893-19(0), 
the Germa n (Oaffky, P feiffe r, Stricker and Dieudonne ", 
1899) , th e Brit ish (T rasser, W right an d Ruffer 1°, 1899-10(1 ), 
th e Ru ssian n V)'ssok6witz a nd Zabolot ny 11, 1897) ned the 
Indian Plagu e Commission 12. 

Later, in 1005, th e Royal Society and Lister Institute 
published a long series of r epor-ts (U)06-11) which d id. H gre nt 
deal to furth er the knowledge of pl ague. Protective inocula ­
ti on W 8 M ea rri ed out on a la rge scale h)' W. M. Haffkine in 
1897. Plague serum Will" USNI by Yerain, Culrnette a nd 
Borrel " in 1895. 

The puthologicnl nnatomv of plague was tho roughly 
inv est igated hy th e Au strian Plague Commission in which 
n. Denck, HIM, was \'Pry prominent. Recent investi gation 
hu e been coneemed with its mode l' of tran smission. 

Vcrv little wua known in an cient times about plaguo in 
a nimals . 'l'here are records reporting that in th e Hlack 
Death of Cons tant inople, mice d ied . . Appa rently, the black 
rat ( MII.'~ ra tt".~) was unknown to Greeks ani) Roma ns, a mi 
ca rne f irst to th e shores of E urope in n Crusad e ship from 
the ";881. T he common rat ( .1/ . Iw r n >g U:ll$. JI. decumanus ) 
was noted in Copenhagen in 1716. F rom the ti me of the 
Canton epidemic, plague in rats has been found in the 

•� 
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maj ority of epidemics all over the world. Th e mechanism 
of the transmission of plague to man was subject to con­
troversy for man y years. Ogata It (l897) suggested the flea 
as a possible vector . Simond U (1898) and Gau thier and 
Rayband P (IOO:i ) and later "'~ . G. Linton n ( J9Q.j) specia lly 
developed the flea theory. Linton 'I'l ideas were taken up and 
thoroughl y investigated hy workers of the Indiun Plague 
Commission. 

CLASS l nCATIO:S 

Th e members of the Pas teurella group have been eon­
side red by many as const ituting a single species which hae 
eml:\' suffered slight modificati ons as r egards to virulence hy 
prolonged existence in different hosts . Other invesf igntors 
have cons idered the various types to I){' more di sti nct, and 
have recogn ized the necessity of raisin g the group to the sta tu !" 
of a genus . 

A classificat ion based on morphological and cultural cha r­
acteri stics has heen impossible. Such Ieatures only serve 
to establish the identity of the group. Although there ure 
certain divergences, as for example, in the fer mentation of 
ca rbohydrates, they do net serve as a basis, nnd do not 
coincide with the animal or-igin of the strains. 

Serological cla ssifica ti on has been nttcmpted by 11 number 
of worker s, employing agglutination, absorption and com­
plement fixation, hut none of these methods has 1-,'1\-(' 11 n 
satisfactory grouping. A classification by pathogvnlcit y has 
been imposaible, !':inf'P cross-infection is possible to n uutable 
degree. 

A8 none of those methods of classification is rcliuhle us 
a means of dividing the Pasteurellas into types, we must 
conform ourselves to the zodlogical class ifica t ion, which ur ­
ranges the organisms according to the animal source of the 
original strain. Such a classification must hp recogni zed us 
purely a rbit ra r y, hut may lend to fu ture work in demnnstrat ­
in ~ th e existence of clearly marked varieti es. 

Pasteurella pesti« :and Pasteurella pseudotuberculosis 
stand apart from the remaining members of the group which 
caused hemorrh agic septi cemia in animals, bv their nbilitv 
to grow on media containing bile salts , their inahil itv t:) 
ferment saccharose, and the lack of production of indo}'and 
hydrogen sulphide. 

•
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All mem bers of t ilt' group a re small ovoid bacilli, having 
convex sides a nd rOUJHl~l ends, but no characteristic a rrange­
lIlt'nt ; t hey 11111)· 1)(> found singly, in pairs or shor t chaine, 
or in groups. 

The mu"t tltrikill~ poin t is the ir pleomorphis m, which is 
most marked with P& I. pe..<;ti,<;. Pi..et. pestis, when examined 
from tissue smears. il" seen as an 0\"81 rud with convex sides 
and rounded ends, measuring from 1.5 to 1.i;. IJ lon~ R IU} 

from n.r. to O.i IJ broad. They show bipolar staining and 
may hl' Iound singly, in pain, or in g ro ups. Forms like 
(~K'('i , streptococci, s treptuthr-iciae, and even mOI11c1 and yeast 
forms han' 1)(>(>11 described under the na me of involution 
rurml'. 

.\\\m~(~h\ and 'Hum'" \.\ 8~8) s\a\oo \\ \8\ ';) per vent g\J('.~rin 
ugu r und l:I medium containing ;) per cent of sugar, favored 
t ilt' appea rance of polymorphous. fo r ms of plague baci llus 
Han kin Rile I Le uruunn " (1&1i) reported that til l:' add ition of 
:l per cent sodium ehluride to agar produces srriking vatiety of 
bizarre fO l"llll'l wh ich are of diagnostic value. 

T Il<' Plngue Bt'l'It'I\I"C'h Conunission in India reported that 
ou rare occasions the pla gue baci llus, found in dend rats with 

. acu te plngue, resembled small CO('O bacillus, a nd that ti ll' 
ll h~l'l'SSCS fou nd in th e spleen of rats suffe ri ng from chronic 
plugue sometimes showed involution fo rms. T hese so-cal led 
invo lution forms IU·f' very important f rom the stnnd poi ut of 
diagnosis. TIlt' cuncensus of opin ion is that the)' nr e not 
dvgenerutiou form !', since t hey yield normal ('Ultlll"f' l'l which 
on iuoculntion (ll'ollm'(' typieul in fecti ous. 

Kitasntu JM ( ltl!).!) Wlll'l th e fir st to report th a t Past. pcnti. 
muy fo rm n true eups uls-. Bowland III (1914) eon tlrmed the 
exis tence of a ca psule in th is organism and reported further 
t ha t it ill. in solu ble ill wa te r hut 801ul11<, in wr-uk a lka li. It 
enu Ill' observed llP"t when the orga nism i8 urown in 10 per 
r-ent inuctivutod ho rsr- serum broth, incuba ted at :lfl"C'. Post, 
(lV i.~ep t i-ca may RIRU show a n inde f ini te (·Up811 /C'. 

T he organisms of thi s group a re all non -motil e with t he 
exception of Past. psendotvberculosis, which "how!' motility 
in hroth culture!' g rown for 18 hou rs a t 2O"-22c.C, This 
poin t is of impdrtnnee in different iating th is organism Iron, 
Past . pe~.;; t i ,~ with which is may 1)(' easily confused. 
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All member!' of the g roup are Gram negative, and stain 
rather well vvith the ord inal")' aniline dyes. T o obtain bipolar 
s taining , preparations can he d ried a nd then t reated with 
alcohol or alcohol-ether mixtur e fo r 1 minute j th e fluid is 
th en po ured off and the stai n added. Dilute carbolfuchsin, 
carbolthionin , methylene blue, a nd A rchibald's stain e re the 
IIIOst couunonly used , fo r stai ning the orguui sru in the .tisaue, 
the}' ca ll he fixed with corrosive sublimate solut ion, with 
alcohol, or with Orth ' 8 fluid. 

CU LTl 'lA.TlO X 

Pa-iteureUa pe~t is g ro ws well on the ord inary labora to ry 
media, the temperature runge for its g rowth being from 4 
to 43"C. with an optim um temperature Il l' about 3O"C. 
Growth takes place be st in a neutral 0 1' weakly al kaline 
medium, showing a pH range of f rom 5°-8.2. with an opt imum 
of 6 or 6.6. 

~ro s t a utho rs stress the necessity of air for its g rowth; 
however, when cultivated in broth over which coconut oil or 
clarified butter is floa ted, the orga nism produ ces a cha rac­
terist ie s talacti te g-rowth suspended from the oily layer. 

On the .•:lgur Plate: '~ery small, round, gli s tering t ra ns. 
pa rent, colorless finely g ra nula r, umbonate colonies developed ­
after 24 hours incubation at :n (' c. The surfuce of these 
colonies is very smooth or finely g ranula r und a n enti re or 
delicately notched edge, differen tiated by a raised cente r and 
u flat periphery. 

On the Agar Stroke : A poor, slight ly raised, t ranslucent, 
greyish-yellow growth develops utt er 2-! hours incubation ut 
37°<':. The surface of the gr owth is usually wavy or like 
frosted glass with an irregular loba te edge. 

l w broth : There ill mode rate g row th in 24 hOUfS with 
little or no turbid ity. A powde ry or floccular deposit not 
disintegrat ing completely on shaking is formed , and on ageing 
it cra wls up the sides of the te st tube. A delicate surface 
pelli cle often forms on potatoes. The growth is not sati s­
fa ctor}'. 

Slimy growth : T here ar e certain fa cto rs which influence 
markedl y th e g rowth of the cultures producing slimy growth. 
SOIDt> authors a tt r-i bute this slimy up pearanee of the g ro wth 
to the enpsnle described by Rowland. It seems as if the tem­
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perature of incuba ti on, the reaction and moisture of th e 
medium, and the growth in the a nimal body, hav e a decided 
intlueuee in p roduci ng sli miness. Thus, Dieudon nee and 
Otto > (1927), relating their own experiences and that of 
other authors, report that non-slimy gro wths recove r their 
character when 1'a..':1't'C1 through a nimal ti ssues an d that eul­
tU Tl;' :O grown at 3i'cC. a re more slimy than those grown at 
:?5 Q l'. 

A utolysis occurs in old cultu res of 8. pest is, and is due 
to the hreaking down o[ the protein by mean s or a proteoti tie 
euzvnu- which i~ set Ireo during the process of d isintegrat ion 
of t IJ I! organisms a fter th eir death. 

J) i.~ ,·wC'iatio lt : (Iot tschlich 2t in 1912 described slimy, un . 
differenti ated colonies of B. pestis which WNe poorly agglu­
tina ted und were avirulent fo r rats, hut subsequent ly reverted 
tu the virulent type . 

In cultures of Pasteurella lep tiseptica, De Kruif " (1921­
:!2-:?3) found two different ty pes: Type D grew diffusely in 
broth, Iornu..1 rather opaque, fluorescent colonies on se rum 
ugu r, uml wus highly vi ru lent for rabbits, while type 0 ~aVt · 

II gruuulnr deposit in hroth, formed translucent bluish colonies 
with lit tle fluoreseenee, a nd was completely "virulent. Type 
J) gun risl' to G variant s, hut G did not revert to D. 

Ya riunt s linn" a lso be en described for Past. pseudotnber­
CfdQ.'i i~~ by Kukehi ~I nod Zlatogoroff and )log-hilewskuj u 24. 

It is quit e d ifficu lt to di ff erentiate bet ween H. peHt i .~ and the 
ether orgnnisma of this group . T his d ifferentiation is most 
difficult in the euse of PlL.'i t . psel/~1() tI(1)erC'ulo8i8 . Probably the 
most useful di st iucfiou between Ow two orguuisms Past . pestis 
and Past. pseudotnberonlosis , is that the latter is motil e in 
hroth cultures incubated ut 22°C. for 18 hou rs, whil e Past. 
pest i... is uniformly 110 1I. 1Il0ti! P . Agglutination and preeipita­
tion may be of nssist unee in the differential diagnosis of these 
two organi sms, spec ia lly if aided by absorption . 

The compa ra tive harmlessness of Pasteurella pseudotu ­
berculosis for white rats, and it s alkali p roduction in litmus 
milk, may he also of val ue in di fferentiating it from B. pestis. 
:\I(' ('o llke~' :u 118l'i laid l'it l'('l:'l' on the inability of Pasteurella 
JI .'Ot:~ lIdo t ltbe rcu lo ,'i ;,.: to g row in bile sal t media, hut Tapley 
und "·il ~on flO report that thi s cha r actet ist ie is hy no means 
constan t, and that h:,· usi ng a gene rous inoenlum they haw:" 
had no difficult y in obtaining growth. 
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The hnemorrhagic septicemia group of organisms ca n he 
d ifferentiated from B . pestis and B . JUt" fld ot llberclIlosi....· h)" 
t heir a bilitv tu fe r ment sucrose, their production of indcl, 
a nd their negutive methylene-re..1 reaction. One must han' 
in min d th at sucrose may 1M' fermented hy certain strains of 
Past. JJ8e"doluberr,,1{lsis, 

Filterable f'orms : T here i llo evidence suggesting th e ex­
is tcnee of a filterable fo rm of this o rga nism. K Burne t:n 
report s havirur cultured H. Iw .•.ti ... 1'1'0111 lillrnlt·!" of suspensions 
prepared with the OI"j{UU", of infee tc..1 111h ,t , and guinea pigs. 
Accord ing to his report , t ill' filterable forms consist of gran­
nles derived from the Iyt ic di sintegra tion of tilt' baci llary 
bodies. Hnadinoy and Ghelib " , while workin g in antiplugue 
hncteri ophuge, Oh:-:('TYM that some filtrates of plague cult ur..)': 
gave r-ise til secondary cultures of t he organ is m. 

BIOCHE30IICAL PK4IP~RTJE.--

A ct ion (m CtlrlJohydmle.<; : In pr act isimr fermentutl on 
reaction!' wi th thi s group of organisms, grout care is neces­
sary, si nce th eir g rowth in sugar peptone wate r med ia is 
" t'ry poor. 

Pt..-tev rella pesti.'1 Iertuents a number uf ca rbohyd ra tes 
with the produ ction of ac id, hut no ,l.:"a" , .\ Ib-r s tudying the 
repor ts of various authors, one conu-s to the conclusion that 
glucose, levulose, munitcl, maltose unrl g-nls <,tol'l t' are inva­
riuhly fe rment ed , whereas lnctosv, ru ffin ose, sur-ehnrose. du l­
r-itol and inulin IIl'uully Ullflergu JI(I dmllgt., 

Some authors report thut suliciu i" usual ly fermented, 
fermentati on taking pluce within tell day s. Pasteurella 
pseudotuberculosis ferments also ,dy<'(·rol. nnd in Rome 
instnnces produces acid in sur-ruse . 

:\fol'lt of the organisms of the haemorrbaglc septicemia 
g roup ferment g lucose, manite, suc rose and maltose producing: 
acid. T her e nre several repo r ts in the lite ratu re indica t ing 
that a number of st rains produce ncid in lac tose nml tn It 

less extent in salicin . 
A ction Ort Prot eins : There is a ge ne ral agreemen t t ha t 

indol is not p rod uced 1Iy PaRI, pe,<;lis and Pas t. psendotnbercn­
I08i.-: und thnt th ey both give a positive )f. H. reaction . 
whereas"Past, urieep tico forms indol a nd g ives 8 negat ive 
~r. R. 
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Past. pesti.'f a nd P. fll;i.sep t;("{~ ha ve no acti on .uu Htm us 
milk while P. /1:tt' lld-otlllJf' rCIlWS;f< turns it slightly a lka line. 
,\ 11 membe rs of the grou p red uce nitrates to nitrites, form 
ammoni a and IllS, and gi ve a positive ('R t818~ test . 

, {lI to ly.~~: The process of maceration of the baci lli a ft er 
death brings ohout a subsequent break ing down of the protei n 
by mean s of a proteolitic enzyme which is set Fr ee. In :l 
Iour -duv-old broth culture tes ted bv Howla nd ~ no coagulable 
prot ein \\"a~ p resent, hut a ft er 14 dayl' there was a conside r­
able amount. 

ToriN Production: There i!'l an amou nt of evidence 
throughout the litera ture to prove that th e toxin of th e 
plague bacil lus is nn endotoxin set free as a result of di sinte­
grat ion nf the dead bacillary bodies . lip to the p resent it 
has be en impossible to separate the constituent antigens of 
the organism in const ituent s of bacterial protein . 

The prod ucts ext racted f rom cultures of the p lague ba­
cillus ~\' t. the react ion of u nucleoprotein a nd a re precipitated 
by ac id, whic h precipitate can he redissolved in dilute a lkali. 

Apparently. the immunizing subs tunce is closely asso­
ela ted with the p rotein, a nd a ttempts to sepuru te it hun ' 
fai led . A('('ol'tlin ,,-, to the work of Itowlnnd" one -tenth 
hy weight of the whole bacil lus is nuc leop rotein . (F OI' de­
ta iled " tUI)iI!!ol of the toxin see section on Inuuun ity.} 

RY.8IST A::iCE 

The members of this g roup possess feeble powers of 
resistance to adver se influences. T hey are very sens it ive tu 
the notion of' di sinfectants uno nrc ea sily killed hy heat. 
Broth cultu res are killed at lflOoe. und hy O.a PPI' cent phenol 
with in L') minut es. 011 the ot her hand. t hev can survive at a 
temperatu re of ooe. for forty da y!". Th e~: ure quickly killed 
hy dryin g, hut ma y remain nlive fo r u eunsideruble tim e if 
they ur e in cont act wit h substances such us IlIUf'UI'l nud pro­
teins, thut protect them from desiccation. In j uice from 
tissue s drlod over a cover sli p, B. pestis di es in 4 days 
(Ki tasato 18B4). Past. pestis clot's not th r -ive well in the 
presence of other bac te r-ia; in the living ti ssues it is eas ily 
overgrown hy other bacter-i a such 88 the pyogenic cocci, and 
in dead tissue it is soon overgrown I ry the' pu trefact ive. 
'Yat pr ill a com paratively inadequate medi um for pla gue 
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bacillus to live in lind mult ipl y. In ster ile, di stilled water 
kept at a temperature of 2O ~C .• the organism can live for 
from 30 to 60 days j if there are oth er bacteria in th e water. 
its life is considerably short ...ned. 

The viabifity of the plague organisms in th e a ir is of 
importance if we consider that 8 form of th e di sea se attacks 
the respiratory tract causing' an in fectious p neum on i a. 
Teague and Rarher :lll report tha t bacilli eontuined hy till' 
sputum droplet s lose their vita lity eaaily hy desiccation. 
hut this may be prevented by favorable atmospheric cond i­
tion and the life of the organism considernhly lengthened. 
Wlll:'n relative humidi ty is high and the temperature low, the 
organism lila)' survive longer. Apparently, these fuctors 
influence the occurrence of pneumonic plague in the tem ­
perate ones, where cold and moist atmosphere is more 
prevalent than in tropical region s. 

Formerly it was th ought that plague could II(' tran smitted 
through infected merchandise. Scores of investi gators hnve 
proved that the danger of infected merchandise II!'! a IIlNLD<o; 

of propagation is not due tu direct conta minat ion 01' the 
a rticles, hut probably to the existence of in fected rod ents in 
the goods. 

Ostertag 1 1 found th at orga nis ms in the blood of animals 
dying of hemorrhagic sept icemia mny romnin viru lent in the 
dried state for about 3 weeks. m ood which wa ll allowed to 
pntrefy in a /{Ialls tube llIay r..ma in vi rulen t for tOO days. 

SEROLOGICAL VAIUETlf::; 

A se rologica l classifica tion of th e Pasteu rella grou p has 
heen attempted by a number of work ers, but 80 fa r n « 
sa tisfactory grouping of th e various typ es hal' been neeom­
pl tehed. 

Chamberland and .Jouan 12 found that the st rai ns they 
were work ing with lose their agglu t inabil ity with grent 
ease. T he observations of a nu mber of wo rke rs show th at 
se rum prepared against any one member of the hemorrhngie 
sept icemia group will agglutinate the others to titre. Direct 
aggluti nation. therefore, fails to identifv til.. an imal So UTf'C' 
of the strain. . 

" rit h regards to Paste urella mvriseptica, Top ley and 

=-- - - ------- --­
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Wilson report two dis ti nct type s di stingu ishable by direct 
agglu tin ation and by a bsorpt ion. 

The relation between B . pe,.;ti.o; an d B . p~e-IU1Qt ll her C'lI/osi.s 

is " err close a nd it is often impossible to distinguish 
them br direct aggluti nation. Ackeweight U has shown 
that eger cultu re!" of Pasteu rella p,..e" dv l lfberet,losi."1 incu­
hated at 22'(;. for 18 hours contain a hea t-liable Hvan ti gen 
and II hent-sta hle O-ant igen. T he heat-liable an tig-en j .. 
dest royed by boili ng a half hour ; the he-at stable i:: not 
destroyed hy boi ling. Schutze &10 (1928) has confirmed th i.. 
work a nd find:t that the If-antigen is common to a ll Past. 
plieudo fu1)f r ClIlo."1 i ... strains, whereas there an' several types 
of O-an tig'en, one of which !"('CIIl:-: to he related to the Salmo­
nella g roup of crgnnisms. 

•\ ~ i'll..-n hy the above, the Pasteurellas ca nnot 1'1(' di vided 
tls yet into clearly marked se ro logical va rieties. 

J)(){ UlilTY 

A.." f/1,d t'l ;II.."1: A,Lnd ut ininl" n re f req ue ntly absent f rom the 
serum of plague patients, and when they occur their tit re is 
quite low. Th e a~g'luti lltltiu n t es t is not used in th is as in 
other conditio n!', because ag~l ut i lli ns a re Irequen tly a bsent 
Iroru the se r um of the plagu e patient. T here is also II 

marked tendency to spontaneous a~~lutinnti on on HIP par t 
of the plagu e bac illi. 

S U Ull' a ut hors {Stepa uoff a nd O ri~o rit,j l' ~ '\ and Xlu rk l all ) 
have used IId t l 11g~l llti ll ll li on wit h the pl uz uo bncil lus. .\Ia rkl 
found the opt imum r ea cti on to occur a t pH :l.S- t 1, und 
believes that the test ma y he useful for the purpose of 
identifu-ntion. Tn our personal experienl'e :U in tilt.." !'HI'owl 
epidemic of Bubonic plague in Pner t n R ieo ( l!l21) , we hnd 
no di fficul ty in immunizing- ru bbi t s ugni nst different st rai ns 
of n. pe«/i.,'. Ag-g'lut inations were obtained with the hornol­
0g'0US a!l well nil the heter ologous st rains in d ilut ion!'! fr om 
1- 10 to 1-300: most of the ra bbit se rum, however, gave 
clea r-cut r esults to dilution!" of 1 to 1!"')() only. Of seve ral 
human sera exami ned from conval escent <'aRCR , a showed 
agglut inins f rom 1 to 80 to 1 to 120, 2 showed tit res of 1 
to 20 a nd 1 to 40 only, ani) 8 showed no nggl utini ns. It must 
he taken into cons ider ation that these cases had been t reated 
with large quantit ies of antipla gue se rum, 

,� 
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.... Ieain Fixation : Alexin fixation has been demon strated 
by several uutbors. Matsuda n (1910) employed ulexin fixa­
tio n ill compa ring several ergunisms of the huemnrrhugic 
septicemia g ro up. Bukofzer S1I ( 1922) re ported that P. nvi­
»eptica fixed complement in the presence of aviseptiea sera . 
Jtodertck " (1933) tried to eiassify the Pasteurella b)' nlexin 
fixation and LuI 41 (1927) co mpared the complement fixation 
properties of five anima l type!" of Pasteurella and found 
cross-fixation between a ll t~..p p io: except lept ise ptu-a. 

During the seco nd epidemic of plague in P uerto Hico we 
were ab le to demonstrate a lex in f ixation in four cases re­
covered Irum the di sease. .\ 11 tllt"~e ca ses had be en treated 
with large doses of plague an ti tox in; however, in other 
{'Util'!" tha t were simila r -lv trea ted, no alexi ns could he demon­
st ra ted . Rabbits iuuDl.inizl't1 with It , pest is strain s from 
different sources showed alexin s ill their hlood serums. 
lta bbits ' imm une se ra guve complet e flxut ion with the cor, 
responding a ntigen in d ilutio ns of 0,01 C'C'. 

Precipitin»: Tn 1897 K ra us 4:.1 fou nd that plngu e-inunune 
seru m caused specific precipita te when mixed with ext rac ts 
of plagu e bacilli. T he precipit in tes t is snid to Ill' morr­
delicate than the agg lutina tion or complement fi xation tes t. 
The a ntigen is prepared by suspe nd ing lin ugur vulture ill 
d isfil led wa ter, adding O.a per cent pheno l, shaking for 24 
hours and centrifuging until c!('IU , Zlatouoroff III reports 
tha t till! pseudotuberculosis antigens fnil to react wit h plagm 
se rum. 'V arner H observed II J.:'roup react ion between these 
two orguni sma. The t hermopreeipi t iu reur-t ion IIll I'! la-en used 
in th e diagn oals of putr-id plagu e-infected ruts ( Pi res 4:1 ) , 

The test con sists of adding to specific 1ll' I'UIIJ in II test tube 
the filtrate of II hailed suspens ion of th e orguns of the 
sus pected animal. If the cor responding bncter -i nl nntigen 
is present a pr ecipitation r in/{ quickly forms at the su rfru-e 
of contact . Pulgher 48 (1922 ) prepares th e extract hy ad di ng 
th e suspected liver and spleen to nn equn l volume of sali ne, 
then boiling a nd the n filtering. T he reuction is reno a ft er 
20 minutes. incuba t ion at 37°C. ami aga in a fter 1 hour at 
1'0 0 111 temperature. 

Torin : ~o t rue toxin is formed (Hadley 41) . Old broth 
cultures U I:~ very toxi c, sugges ting tha t endoto xins a re 
liberated by autolyses of the bacilli. Rowlaod " (1910) 



..,TlI!: BACTERIOT.QOY OF PLAGUE 

working with B. pest is observed a toxic nucleoprotein by 
treating the bacillary paste scraped from surfac e agar 
growths with anhydrous sodium sulphate. According to the 
eame uut hor, the virulence of th e culture is not related toIts 
toxicity. The endotoxin, when kept in fluid , is 1I0t very 
stable i f s to red at room temperature. At 37°C. it suffers u 
cons iderable loss in toxicity. When kept at a temperature 
below aDc. the toxicitv is well maintained. Toxin heated 
1'1'0111 50::> to iO ~l'. fo r i hour markedly loses its power. T he 
nature of the toxin is not yet understood. 

Howland reports that toluol or chloroform are suita ble 
preservatives for the toxin. Thymol was fo und to lessen its 
toxicit y und vaccination val ue, and phenol was also harmful. 

Guillen pigs and rabbits are wry resistant to plague 
toxin, whereas mier- and rats are very suscepti ble. .\1ice are 
usuullv killed in about 18 hours. and rats in from 2-1 to 48 
hour8: The lethal dose varies with the st re ngt h of the 
preparat ion. Howland found that his nucleoprotein killed 
rata in a .101'(' of 0.1 lUg• 

.\Iurk l a nd 1\1:'0 Howland wert' a ble to immun ize animals 
hy administering sublet hal doses. 

Safllml I lIlJIuUli ty : Natural immunity is uppu rently very 
rare. Birds, with the exce ption of the sparrows, are com­
pletely re si stant. Dogs, ca ts, pigs, catt le, sheep, Kouts and 
horses r-an bo infected with difficulty. 

Aetiv(l I mmli l/i ty : .\ single attack of plague usually 
confers lueting immu nity. Second attacks rurely occur. 
'\[any exper-iments have hl'ell reported on th e immunization 
of experhnentnl unim als. It appears 1'1'0 111 them that plagu e 
vaccines ('( lIIt''' I ' II definite immunity UpOIl the rut aw l upon 
the gui neu pig'. tha t the rut is more easily r endered immune 
than the guinea lJ i~. a nd that t he degree 01' protecti on tie . 
pends on the thoroughness of tho immuniza tio n unci the 
severity of the test ing' procedure. 

In ma n, vaccinatio n has been used extensively. Kolle 4 ~ 

prepared a vacc ine hy emulsifying sur face agar cultures 01 

the bacillus in normal saline. After shuking, the emulsion 
was hea ted at 70DC. Lustig and Uuleot ti 48 employed a toxic 
precipitate obtained by treating the bac illi with sodium 
hydroxide and acetic acid. The substance was dried und 
dissolved in sodium bicarbonate. \Ve have a lready men­

". 
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tioned Howland 's sodium sulphate method. Besredka w made 
a vaccine composed of heatkilled cultures impregnated with 
anti-plague serum. 

St run J{ 101 u('('(>OO('(1 in vaccinating individuals with atte u­
uuted living cultures. TI l(' 1II0!'t 1" I}Htl8 r vaccine seems to 
be t ha t of Huffkine ~1 which is prepared Iro ru a 2 to 6 weeks 
culture of Past. pes t i..~ at 2,"") o r :m°l'. in goa ts di gest broth, 
and killed lry heat for 1 hour at f~ OC. and to which .5 per 
cent phenol is added tn maintain :o: t t'r ility. Th.. 110 :0: .. nf the 
vaccine for an ad ult is from :J to 3.5 ec. .\ l't't'oml d ose should 
he ginn 7 or 10 days a f'ter th e Ilrst. 

The protection of till' vaccin e il" nut a bsolute, hut it 
sensibly diminished th e incidr-m-e u f plague attacks on th .. 
inoculated populat ion . The p rotection confe r red hy inocula­
tion lasts seve ral weeks. possibly fur months. 

From th e work of ~f ark l n ( W03) und Howlan d IN (1912) 
it seems 8:01 if active immunity in plugue depends principally 
on th e efficiency of the phagocitic end lytic process of t he 
organism. 

}I' lll .\.4 (1H2H) reports innuuniziug ruts with plague cultures 
that we re previously lyzed hy ant i-plague hactet iopha gv. 
Compton 1 110 ( I!J:«l) has co nfirmed these expe r iments nnd 
urlvocutes the U:o:.H of the increas ing doses, fo r I or 2 doses are 
not on ly iusuffk-i ent tll .L.';Y(· prot ection. hut may often lend to 
nn increa sed susee pt ibifitv. 

Pu-s i ce TII/noll/ jt y : Auti- plngne se rum has heen used bo th 
fo r p ro ph yluctie and for curative purposes. It is claimed 
thut 10 r-c, of t he serum cun he administe red nx II prophylacti c 
dose null that a state of passive in ununit y is conferred on the 
individual t hat lust s fo r 10 (Iny:o:.. ~hU'h lurgvr doses ur« 
used for curutivc purposes. Lavandero I8 IHh nini l'l t p. r f'd 2;)0cc. 
ut n time, int ru ven ously. 'l'his do!".. wa s f'requen tl y repented 
a second and a thi rd t ime du rin g' th e 24 hours. 

Early authors report definite eurutiv .. properfies with the 
serum , us ing experim ental anim al s, According to :\I({·o)· 
e nd Chapin n (1!l20 ) . in actual p ractice 110 se rum hu ll. given 
unequivocal results. Lavandero MI (1923) reports that t he 
se rum is of va lue i f USf><1 early ..nough and in sufficient 
quantities. 

In . the experimental a nimal, adminis t ratiou of !"('l'UIIl 
promotes phagocytosis and lysis of th e orgnnism s. Sensitized 
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bacilli, when inoculated into th e periton eal cavity of th e rut 
are readily phagocytosed. 

BrOl lks ~ ( 191-1) obtained an opsonic r esponse or inoculat ­
ing white ra t!' hy injecting th em with the soluble bacterial 
portion. ),tu:-t uuthora IU\\'I;! failed to demonstrate a baeteri­
cidal element ill iuuuune :-crUIII. alt hough it contai n!' spec ific 
I UII I)(H ·t'p tur~, 

lJaci eriopJllIge: lJ 'H erelle " has re po rted the isolation of 
a bacter-iophage which is ac t ive against PMt. pest is, lind has 
udvoeated its use in th e treatment of plague. This form ot 
treatment hlll'l been tr-ied in India. hut has not so fa r proved 
its t>ffil'UI'y P IIll'kif' ".. (1928», 

PATHom :S ICI T'll 

T'he huenuu-rhagie se ptleetniu group Il f orga nisms is patho­
genie 1'0 1' a la rge num ber (If a nim als und birds hut lint for 
tnnn . Pas teurella pe,~ t ~'i a nd Past C1lrr:lu, PSe-lfdotlllwrc'flosi.o: 
(·am..- Il il"l' U:-: t' in roden ts . Pa.o:l. pe..'il i..'i is pathogenic fo r Ulan-. 

TIlt' tt at : Hllb huvc for mn uy ~'l!lt r:o; a ttracted ut teu­
t ion with rega rd to till' 1"010 the y pill)' in the propagation of 
bubonic p ln.L.'1.It'. There a re se ve ra l species of ruts: Jl1ls 
rattns, the ordina ry rut, almost uni form in color, tail and 
loins \ 'l 'ry dnrk g ray, tuil longer thun the body {including 
th e head ), smoo th palate, slende r build, 1l.' :-i l'l fierce, and 
domestic in habit»; .11 11$ aleXUlUlrill118, si mila r to the Rattus 
spec ies hut having u white belly: RaUus IUJ rt.: e9 icll.~ or .11" .• 
declIlIl(l, "JI.~, u large, rolutst, Ilen-e rodent, which lives ill 
underground hollow!' . Its ears are sma ll and opaque, und 
it s tail shor-ter thuu th e body lind head tak en together. 
:\It~a ~lUI'!" about ;')2 em. long, und th e cent ra l purt of the loins 
arc commonly darker than the sidee : till' pa late is \'NY rough. 
When II rat is infected, it nsunlly l" i tfol quietly hunched 
up, or staggers around lazily. The rut shows at post-mortem 
exuminnt iou a marked congestion of the subeu tuneous ti ssue 
with haemorrbagic infiltration. This was a \"(,I'y important 
finding in the epidemic of Puert o Hie'n, and oeourred in ~)() 
per cent of the rat!' exa mined ploruh·:< Dtero " (1927) ). 
T he bubo is a reliable sign of plague in the rut. The Plague 
Research Commission in India regarded II typical primary 
hubo as the most important s ign of plague, 75 per cent of till' 
buboes occu r ring on the neck. This wa s not th e case in Puerto 
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Ric o, where W(~ fou nd the hacmorrhugic in filtra tion to he the 
most oonuuon lesion . Haemoi-rhugic and swolle n buboes were 
commonly found by us in the inguin al , axillary and eervieal 
regions. Those loca ted in the in gu inal region predominated. 
JfeSHcnteric and pelvic buboes W(' l'P very t-are. The liver 1:­
usually enla rged and triable. dark n,d ill colo !" or may show 
small yellowish granules. S wollen, dark, congeste d livers 
showing necrotic a r eas were found in 7 :~ per cent of al l 
positive rats exa mined <luring till! epidemic ill Pu erto Rico. 
The spleen is usually enlarged and may he covered by small 
sur face gra nules. Patches of hron r-heo-pneumoniu wit h pleu­
ral adhes ions. a nd pleures y wit h effusion. were not uncom­
monlv fou nd. 

Rats lI'itho/1I IA~s io lls : In UIlO ~ I d 'n)' H~ observed ruts 
which showed no gross lesion s of plagu e and were positive 
to guinea-pig inoc ulation. We a lso fou nd 61 (1!l2l) rats that 
showed no macroscopic lesions, hut tnurked emacia tion awl 
intense a nemia. which wa s recogn ized h:; the pa le ap pea rance 
of the ti H H UP ~ which W <'I'\ ' ptncticullv londod with virulent 
plague bacilli. 
"'ill i alll ~ m ill Keunnerer 6::1 ( l!l2iJ) in Xew Or-leans, and 

Bordas, Dubief and 'fanon II f ( l H22) IlIlY/' reported similar 
observat ions. 

Rats with Chn w;c r.esiolls : Clu-ouic plague Jesiuns ill the 
r at have heen descr-ibed hy K oll e and :\furtini H5 (lH02), unrl 
hy Albrecht, Ghon and Hata 'HI (1!l(}4 ) . The lesions fo und 
bv tlu-se worke rs wen ' ehet'~ Y. bronchial g lands, solid ind ura­
ti on of th e lungs, and encapsula ted foci in the sulunuxilla ry 
glands . The Plague Research Commission in India reports 
naturally oceu rt-ing re solving p lague in ruts , recogn ized by 
the presence of purulent or euseous foci in the peripheral 0 1' 

mesaen terie g 'l ands, and ve r y pa rticularly in the spleen. 
Th e Guinea Pi.'! : 'I'he 1Il08t common method of experi ­

mental infection of th e guine a pi ~ consists in rubbing th o 
infect ed material ove r the skin of the previously shaved 
abdomen. U euullv thirty-six hours af te r inoculation. the 
animal hegi ns to show symptoms. It appea rs indifferent and 
indolent, gradually its hend fulls between its fr ont legs and 
breathing becomes rapid. temperature hig-h, its hail' bristl es. 
emaciation occurs r apidly an d f r om the fourth to the fifth 
flay the animal di es. On autopsy. 11 haemru-rhagi c exuda te 
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is usual lv fou nd at th e site of in oculation. The lymphatic 
gla nd!' C'~trc !'ponlling to ti lt' region of inoculuti on ur e all 
swollen and su rro unded hy tremvmlous infilt ration . 'I'll" 
spleen in most case- is enlarged. deeply (·tlllj{PK t t'l! aIHI full 
of smal l yellowish nodules, like miliary a hl'(·t,I'I'(·I'. The Iiver 
is large and congested. the gall hludder ip: usually diluted 
and distended with fluid and the kidney and suprarenal 
capsules are enlarged and congested. A very f>xh'nl'in' hi­
lateral bronchopneumonia commonly occurs. The visce ra 
contain enormous quuutities of plu/.:'luo bacilli that r-an l){l 
«asily demonstrnted by culture or hy direct suu-ar. 

Swellengrebe l and Ottt·n ·: ( 1!114) deserlbed a var-iety of 
plague in the r-xperhuental rut!" nnd gni n~a pigI' which they 
termed mitigated plague. In 1!121, dur-i ng the ep idemic that 
visit ed Puerto Hieo Wi' 1"01\1111 p lorn l(>'!< Otero, 1!I27) that not 
all of the g'uillt'n pi g l" inoeulntod with plUh'11C' material died 
of the acut e form or the di sease. Home resisted the infection 
11 1111 when uutop sled three weeks afte r inoculation, lesions 
caused hy plague with th e presence of plague bacilli were 
found. This shows t ilt' importance uf au topsying every pi~ 
inoculated wit h suspicious mater-ial even if it survives inocn­
lation. 

Thf' Ttlrlw!lcw: The ta rbaga n (Arc/QII/Y." bobcw) i:, It 

rodent shout :rj eeutimeters long weighi ng Irom 6 to 8 kilos. 
It lives in burrows below the surface of th e grouud and is 
indigenous tn the immense mountain regions extendi ng over 
central As iu. T he ani mal hibernates f rom October until 
~I a rl'h or Apr il. It is \'NY vuluahle 1'0 1' th e high quality of it l' 
fur". I11HI nlllH us n sou r ce of food, '1'1](' oceur ronee of u 
mortiferous. plague-like di s r-ase in thi s animal, whir-h is trans­
missible to ma n. 1('11 to tJ1£' study 01' t his. condi tio n. It wa s 
found that humnu disease WUI' always preceded hy tarbagnn 
«pizootics. Furt her epidemiological studies proved that th e 
:\fallehuria n epidemic (1910) hnd its origin in the tarbagnns 
of that region, and WRS. spread throughout the country, us 
infected hunters retnmed to their homes. 

The infected animal looks wearv and exhausted. .\ 
condition 'of ischemia is most frequently found in the paws. 
nnd as a r ule there is an inflammation in the ulands of th t:. 
axillary regi on. Other anatomical lesions ure essentinlly the 
same as those funn el in th e rut and guinea -pig. Dujardiu. 
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Bea umetz an d ~[ o:my "~ inocula ted two hlbernuting a nimals 
that survived from 61 to 11;' days, while a non-hibernating 
cont rol died of plague short ly after inoculation. Apparently, 
the ph ysiological phenomena associntel with hibernation 
lowers the virulence of th e organisms and th e aniruul is uhle 
to survive thro ughout the winter, thus forming u natural 
reservoir of plagu e throughout the year . Strong '1t' inoeul uted 
severn l tarbaguns hy d ifferent methods and repo rts l'OUII,' 

dying of acute pl ague, while in others Trv Iound s uhar-ute­
lesions. 

The Oru",u( S (L uirrel: In western United S tates in fect ion 
hal' extended to an other rotlent ( ~kCoy 7 " (1910» , the Cali . 
tn rn iu ground squirrel, which Is ullied tuxon omicullv to the 
Asiatic' marmot , Invesfi gutious of hutnun cases U('('ur-ring ill 
Uontrn-L'ostu cou nt)' in l ! }O~U)()..l: showed that t llpy presuru­
ably contracted their infecti on from sn-ound squi rrel s, hut it 
was not unt il August 1908 that it wns definitely proved, 
bacteriological ly, that pla gue infect ion existed am ong g ro und 
sq uir-rels. Repor -ts from re liable snu rr-es indicnte that ground 
squirrels in the EUi"t Buy countries died of snuu- epizootic 
previous to 1!JOO and it if: possible thut thr- Ilil'l'llH' atfl'I't illg' 
these rod en ts ut that li me Will" plague. 

T he ground squi rrel ( Git t'll ll ~" bct'l'ht'yi ) is 1I0 t HI' la rge 
as U\(\ tarbagnn. Its hair is 01' a yellowish ('01 01' :-howing 
do t-su lly a number of durk longi tudina l st ri pes. T ill' tail. 
which is mut-e than two -thirds tilt." len gt h of il l' IIntly, i:- da r k 
uhove and yellow Iwlow anti is very wel l hai red . The unimnl 
il' terrestiul in huhit s, dwells in underground burrows ant : 
is (' IU l' SNI ll S a hibernating rodent , al though its wint er s leep 
is not a :- profound. 11:- that of the Asintie marmots. 

Si nce the p resence or pl agu e in the g round :-=.qUi ITI,1 was 
proved, as much in formut ion as could Ill" obtained on the 
li fe history and habits of rodent s WUl' di ssemina ted in th e 
infested areas in order t o keep th e residents 0 11 J.,'1.H\rd , und 
an intens ive campaign to eradicat e thi s unimal was sta r ted. 
.\ !'\ II re sult, squi r re l infect ion ha :o:. ceased to llf' II se rious 
pro blem in Culi fc rnia j however. isolated pl ugue-str-ieken 
squir r els now and then have been encountered. 

•� The, Spn :mo!Jhil(',; R ecent observations 8 ('('!Il to indicuto 
thut the endemi c p hlKIlt' I'Xi!o1 t lo1 nmona uuotln-r rodent, the 
spermophile. 
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Since 1910 it was observed that the occasiona l contact of 
man with the spcrmophile re sulted in plague. This led to 
the studv of this rodent, and in l!H2 it W U :oI Iound (Hieliavsky 
und Hie~hcntnikoff l1 ) that «pontaneou« plague iuf'ecti ou oc­
curred in II large number of these unimuls. Zaholotny 7 ~ 

( 19:!3 ) und others stud ied the qu estion mo re in detail. 
Appa rentl y, some of these anima ls res ist plague infection 
better than others . T he Infected animal s whi ch have resi sted 
in fecti on hibernate eueh year. When th e period of hi bernu­
t ion is over, the new genera tion is in fected, an d the epizoot ic 
reocc urs. Usua lly, epixoot ics occur during the months of 
~lay and .Iune, i. e., the period in which the new generation 
begins to take ca re of it self'. Plague reaches man I rom the se 
animals either by direct contac t 0 1' hy the ugency of the fleas. 
The flea may a lso in fect f ield mir-e and th e mice di ssemi uuto 
th e in fection. 

The Gerbile (Tatem L ubeuglllae ): T he gerbile hns been 
found to act us u reser voir of plague in some di stricts of 
Cape Province in So uth Africa . Th e infec tion is trnnsmitted 
to man through th e agency of field mice (Jlus cUl/dm ) which 
are common visitors of the gebr -iles den, an d whose fleas 
a re known to hite man readil y in th e ubsenr-e of th e proper 
host. 

M a.II: ~l un is very suscep ti ble to Infect ion hy P(j .~t e ll,. elfd 

p e"d is . Wb<.'ll this organism in f'eets mall, U di seuse is pr o­
duced whir-h is characte rized hy ex t remely tender alnndula r 
enla rgements , a dazed conditio n, high fever and pros t ration, 
or may a ppea r a s a fata l pneumonia . Hither the pneumonic 
or huhonic types may become S(' pti l'('lllie, or thi s fo rm lIlay 
ex ist f'rom the s ta r t. 

BU BO:-lIC PLAGUE 

After n period of incu bat ion th at mav VIl I' Y f rom 3 to 7 
(lays, th e symptoms may come on uhruptly, 0 1" follow U pr o. 
dromal stage with a iddines s, pain!' in the back lind limbs 
un ci general malaise. Th e patient ha l' a pull', d rawn , unxiou s 
express ion, til l? speech becomes thick UTIl I di fficult. there is 
stupid ment al state, and a tendency to wander aimlcs sl v 
abou t. Deli r-ium is common, the fever r if"'t'!" rapidly and fs 
often a ssociated wit h shivering. T he fuce heeomes tlnshed. . 
'the conjunct iva markedly inj ect ed, the pupils dilated uurl th e 
eyes sta r -i ng. The pulse is rapid and eurd iac weakness is 
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often marked. The urinary sec ret ion i ~ markedly di mini shed 
nnd shows large quantities of al bumen and casts . On th e 
whole, the di sease is cha ructe rized b)" its toxicity ou the 
nervous sys tem, on the hea r t and on ti ll' endothel ial lining of 
th e ca pilla r ies . 

On th e third or four-th day, an extremely painfu l bubo 
develops or there may he multiple buboes. The buboes are 
characterized by th e marked oedema of th .. periglandular 
ti l'l l'lUt'Il. .\1'\ t he case progresses, the a nxious expres sion gives 
W 8 ) " ttl mental apathy. T he control of speech if> los t and 
the patient si nks in to a typhoid state. The buboes may 
sepa ra te or ilia)' undergo slow resolutio n. Pulmonary conges­
tion with dyspnoea, accelera te..d respiration anti cough, are 
not infrequent, anti at times broncho-pneum onia lila)" develop. 
There ill usual ly a marked leukocytosis with po liruorphonu­
cleosis. 

PSEQMO:SIC PLA.GUY. 

Wht'll the course of the diseuse is p redominan tly a nd 
primarily pulmonary, it is termed pneumonic plagu e. The 
onse t ill sudden with a marked ri se ill tempe rature, marked 
physical exhaus tion a nd clouding of the consciousness. There 
is oft en dyspnoea and rapid sha llow respirat ion , accompanied 
by cough a nd blood s tained or sangu ineous expectoration. 
TI lt' dill(·H"t· i" t ru usm it ted from Hum In 1I1ll1l IJ~' tilt' droplet s 
of sputum expelled in coughing. 

The cou rse of the disease rurelv exte nds beyond th e -lth 
day, ending invariably with clputh.· 

Sta"f lCy.MIC PLAGUE 

There are cases of plague which present no other syrup­
toms than those of septicemia. Blood cultures ure to be 
depended upon in d iagnosis, and even these may he negutivn. 
Th 4:' di sease ill usually futnl, patients flying' within -lS hours. 

F.PInEMIOU Hl\" 

P lagu e is primarily a di sease of r odents nnd seeondurilv 
of man. This fac t wa s firm ly established bv th e work lit' Ih~ . 
I ndian Plague Commission \\:hit'h d il"<'o\'f>rf"ti t hai plague may 
he transmitted from rat to r ut an d ra t to mao thr ough the 
n~l'J1('y of the flea . It is now wel l know n that ti lt' rut epi­



zootics preceding plague, are true I?lague. Huts are g reat 
t ravelers, an d hav e ca r r ied plague to all quarters of th e 
globe. 

TRAN SMISSION 

Bubonic plague, which is th e most prevalent form , i~ 
usually an in sect- borne di sease. In pneumonic plague, con­
tegion takes place by direct or indirect contact with patient.. 
or affected rodents. Ogata 11 (1897) was abl e to cultiva te 
8. pestis taken f rom the bodies of fleas on rats th at had 
died of plague. S imond, in th e same yea r, isolated the Of­

ganism fr om the digestive tract of these animals. He a lso 
carried a ser ies of experiments which proved without doubt 
tha t the Ilene were r esponsible for th e contagi on. The English 
Plag ue Commission confirmed these findings, und fur ther 
proved th at a femule plague rat could nur se it s young without 
infecting them, provided that flea s were excluded. They al so 
demonstrated that the fleas f rom an infected rat when 
separated I rom their host , and compelled to bite guinea pi gs, 
rep roduced the di sease in these animal s. 

As a ru le, acute plague in th e rat is a septicemia a nd, 
conseq uently, a ny blood-sucking pa rasite will he in evitably 
infected. Th e plague organism multiplies fre ely in the ali­
menta ry cana l of the flea and may he found abundantly in 
it s feces . The depositi on of infected feces in the small woun d 
Illude by the in sect while feed ing mak es in fection possi ble 
ill the human being. 

Th e growth of plague bacillus in th e proventriculus of the 
infected fl ea usua lly impairs the funct ion of thi s organ, an d 
permit !'> t he buck flow of the infected material into the wound 
during the net of sucking. th us creating ideal condi tio ns fo r 
infecti on. 

Other parasites besid es the flea hav e been incriminated a­
possible vectors of the ma lad y. It is general ly admitted that 
th e bedbug, after feeding on contaminated blood, may remai n 
infective for -I or ;) days and yet may ent ry the di sease to 
a new host. 

Flies may convey the plague bacilli in their legs, wing!' 
0 1' gas t r ointestina l ca nal. H. pesti s has been demons t rated 
in ' the bodie s of Pedicule ('(/,pUi,'~ t aken from the hai rs of 
persons dying from plague. Some authors are of th e opinion 
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that mosquitoes, und er favorable conditions , may transmit 
plague. 

Although th ese various observa tions do not offer definite 
scientific proof of the role played by these insects in the 
transmission of the disease, they offer a number of impo rtant 
possibili ties worthy of further consider atio n, 

The brown rat is more prolific than the uthere and is 
limited ooly by th e food supply ami uppcrtunities to nest j 
it r eproduces frotu two tu five times a year, bearing usually 
six to nine young, although it sometimes rna)' have as man)" 
as twenty-two or twenty-three offspring. The)' breed more 
rapidly in tempera te and tropical climates. 

The average life of a rat is usually abo ut 2 r ears, Th e)" 
have great migratory habits . Seasonal movements uf rats 
from houses and bar ns to open fields take place In the Spring 
when green and succulent plant food is ready for them, In 
England a general movement of r ats in land trour the coast 
occurs ever)" October, This is known to be d ue to the close 
of th e herr ing season, During the fishing, the rodents swarm 
to the coast, attracted by the offal left in cleaning the herring, 
and when thi s food fails, the animals troop back to the fa rms 
and villages. Rats board vessels readily, when they are 
docked, Sometimes they are carr ied on boa rd in the cargo. 
It is through this sea-going tendency that the rat hft:ol hecome 
cosmopolitan. 

The Plea : Since plague is an insect-born disease, and the 
flea is considered ali the chief transmitting agent, the flea 
index expressed in the terms of flea per rat is cons idered 
perhap s the most important factor in epidemiology. It is 
p robable that bubonic plague will not spread wherever th e 
lien index is less than one. 

'l'h e 
4 

relative importance of Ute various flea speci es in the 
transmission of plague is a que st ion which up to the present 
has not been defini tely settled, It is thought, however, that 
the transmitting capacity of X e-nosphila cheopis is superior 
to the other s. u nder laboratory conditions, infection ha s 
been carr ied b)' X enosph ila che opis, X etlosph ila bras iliensis, 
X e1wsphila ostia . Pulex irritants and Ceratop1&yU1ts fa.sciatus ; 
also, by Ctenocephalus cani'l or [elis, the dog and cat fleas. 

Car ri6n' 1f, in a three-year surrey (1931) made in San Juan, 
found five different species of fleas in the rats examined, 
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but K enosphila cheopis represented 98.5 per cent of the total 
catch. The flea index was highest at the docks (14 per rat) 
and in the commercial section, (l6 per rat). 

Bubonic plague has occurred in nearly a ll parts of the 
world, hut is eoutiued chiefty to wanner lat itudes (Robert­
SOIl 1 ~, l !I:!:q . Temperatures a bove 50° }<' . combined with 8 

cer tai n degree of atmospheric moisture seem to be the most 
favo rable for its development and sp re ad. According to 
White 1~ ( 1918--1919) , humidity is the most important factor 
in the sp read of plague in Indin. 

The relative a bsence of bubonic plague in cold regions has 
been ascribed to the deleterious influence of low temperature 
upon the process of flea breeding. Careful studies have 
revealed that egg laying and development from the egg to 
the adult stages a re more active when the weather is wet 
and moderately warm, and least active when th e relative 
humi dity is low and th e temperature is either too hot or too 
cold. 

Pne umonic plagu e is usually conside red a disease of tem­
perate elimates. lJac iU I~ pest is is known to adapt it self to 
moderately low temperatures. The spread of infection is 
fa vor ed by th e prevalence of a low satur atio n deficiency of 
the atmosphere, a conditio n which is propitious to th e via­
bilit y of the plague organism. Primary plague pneum onia 
is usually encoun tered in cold regions where the people are 
more predi spo sed to certain bronchial di sturbances. 

DIAGNOSIS 

I ". .A nimms: The dia gno sis is usually made hy micro­
scopic examinati on, culture and animal inoculation. The 
infected mate ria l is rubbed over the previously shaved 
abdomen of a guinea pig a nd the guinea pig observed and 
examined fo r typical lesion (set> Pathogenicity").H 

In M lUl : A high fever with marked prostration, severe 
nephritis and the presence of glandula I' enlargement should 
he suspect ed. The di sease usual ly shows R marked leuk ocy­
tosis with polimorphonucleoeis . 

T he bubo shou ld he aspir ated and the fluid examined 
microscopically, by culture a nd by animal inoculation. In 
sOJUe cases of pl ag ue, the organism has been demonstrated 
by cultu re in th e blood (If patients suffe ri ng from the di sease. 
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In cases where the diagnosis is doubtful, the bubo may be 
excised and in j ected into guinea pigs (Uria rte If, 1925). In 
the early stages of the disease, a small vesicle may he found 
corresponding to the site of inoculation. )Ii('roscopic inocula­
ti on of the conten ts of the vesicle usua lly reveals the presence 
of plague bacilli . In pneumonic plague, large numbers of 
plague bacilli may be found in the sputum. 

After death, the best material for investigation is the 
bubo and spleen. If the eada ver is put rid , the organ s call 
be rubbed on the shaven abdomen of II guinea pig; micro­
scopical an d cultural tests can be a lso resorted to. 

PRE\'E~ TION 

Th e first essential for the supp ression of any epidemic ilol 
the knowledge of t he epidemiology of the disease in the pur­
t icula r community where it occu rs . Proper authority is 
necessa ry in order to enforce all emergency measures. S uc­
cess can only be accomplished when enough material re­
so urces a re a vuiluble. Epidemic campaigns against plague 
a re usually expensive. A competent organization with labo­
ratory and hospital fncilities is necessary and a campaign 
of public education should be carried on at the same tim e that 
the disea se is being attacked. 

hnportatiow of Pwgue: Plague infection is carried over­
seas in vessels. ~l a ritime quarantine, therefore, is very 
useful in keepi ng out plague . In the United States, the 
F eder al author-i ties keep careful records of the distributi on 
of plague over the world, and vessels coming from infected 
regions ure subject to pr ecauti ons. 

Measures ur e directed almost entirely again st the 1'Ut. 
All vessels t rading with plagu e-infected ports should he 
ca refully fumigated. The egress and ingress of rats should 
be avoided. In cases where plague cases have occurred on 
board, the vessel is detained in quarantin e, the sick are re o 
moved and isolated and all vermin a re destroved. When 
pneumonic plague has occur red, all the cre w anel "passenger s 
that have been exposed to infection are detained for seven 
days ". After plague has appeared in a community, al l cases 
of the disease must he sought for and early diagnosis con­
firmed; all deaths from no matter what cause must he 
investigated and the body examined by an expert before 
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burial is permitted; a bact eri ological laboratory is absolutely 
necessary. Cases of the di sease should he rigorously isolated 
and the usual di sinfecti on of ur-ine and feces should he ex­
erci sed. The room should he thoroughly di sinfected to ex­
elude all parasites. In cases of pneumonic plague, the sputum 
must he carefully handled and di sinfected, and persons 
entering the room should he provided wit h mask!' that will 
protect them from inh aling infected ma ter ial. 

The eradica tion of plagu e would meun the exte rmination 
of rode nts, which is a biologtcnl impossibility, for killing of 
la rge numbers g-ive the- survivor s an eusier living; " 0 we 
must he satisfied with supp reeeiou and- control. Several 
measures such a!' rat-p roof bui ldings, t r aps, poisons, shoo t­
ing, fumigation, bacterial vi ruses, keeping' Icod from rats 
and natural enemies of the rat, etc., are used successfully a" 
repressive and destructive methods. 

Rat·proof bllildi"!1'~ is a measure of fir st importance in 
excluding ra ts from a community. It eliminates all condi­
tions that will fnvor in any way th e permanence of rodents 
at a place for any length of time. 

Anti. rat laws " and regulations haw be en enacted in 
severa l communities. These provide the rules to he followed 
in the const ruct ion of floors, walls, roofs and foundations of 
bui ldings of var-ious types. Adequate methods for the storage 
of merchandise. food artic les, proper disposal of garbage, 
etc. Hat -proofing should exclude all nr-eesaihh- food Irom the 
rat: Scarcity of food helps nil other suppressive measures. 
\\1ell-fed rats grow quickly, hr eed of ten and have large 
litters. 'I'he rat hns its natural enemies such ns owls, snakes, 
hawks, foxes, skunks, cuts, ferrets , coyotes, mink s, weaelea 
uud dogs. The persist ent killing of these nnimal s in some 
communi ties has been an impor tant fuctor in the increase of 
the ra ts , 

Among the several methods devised for the direct destruc­
tion of rats, t rapping is probably nne of the most impor tan t. 
Exper-ienced trappers U!Of' spring, cage, gu illoti ne, barrel and 
pit trap!'. It requires ingenuity to trap ruts snccessfully-c­
they are wary and avoid the smell oC man . Cheese, bacon, 
grain . meat. fish heads, vegetables or hrend may 1lE' used as 
hail<l, The P lague Prevention Service a t San .lnen. P . R. 
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(Car ri6n u (1931», has used coconut meat a li bait very 8UC, 

cesafully for several years. It is very attractive food for 
the species an d its cleanliness makes it especially desirable. 
Rats may be caught b)' spreading a mixture of resin and 
petroleum oil which has been boiled down to th e consist ency 
of glue on boards placed along runways. 

Poisons are of service in grana ries , stables, wharves. 
garbage dumps. etc. They are objectionable in dwellings, 
owing to the odor of dead rats. and most of th em are dan. 
ge rous to children as well as to domestic animals. Th e 
p rincipal poisons used for rats are bar ium ca rbonate, a rse nic 
and phosphorus.., 

Barium ca rbonate is usually made into II dough with four 
pa rts of flour or corn meal and one part flf harium. Arsenic 
is popula r and i~ used by mixing twelve parts of corn meal . 
one part of white a rsenic {a rsenous acid ) and white of egg. 
Kitano n uses phosph oru s, making it in to hrend which is cut 
into pieces containing 0.025 1{IIl. of phosphor us per pi ece. 

Poisons reduce rats, hut do not eliminate them. Th ey a re 
of great value, however, in ridding la rge rat-proof st ructures 
of existing rats. 

Fumigat ion is an efficient, ra dical method of rut destruc­
tion. Its use is limited to cer tain st ructures such a s wa re ­
houses, ships 80 and sewers . Fumigution is accomplished hy 
satura ti ng the atmosphere of a tightly closed ~ IUU'l ' with 
highly toxic gasps or vapors. The substa nces mostly USM 
are sulphur dioxide IH, carbon disulplride, hydrocyanic gus 
and carbon monoxide. 

Bacterial Rat Virll....ses : In 1893 Dunysz 12 reported u grea t 
mortality among the rats at Seine-et-Main e, caused hy u 
coccobacillus. The organism d escr-ibed hy Dnnysz seems to 
be closely related to the SalmcmeUa enterit idis of Gur tner . 
Wh en inoculated into rats hy feedin g, it p roduces an epizootic 
among the se animals. Th ese experimental epizootics offer 
pructicully the same inconveniences as poisonin g. Rosenau U 

reports th at rats are notoriously resistant to bacterial infec­
tion; even plague fa ils to markedly diminish thei r prevalence. 
Th e claim tha t these rat vi ruses a re nonpathogenic fOT man 
needs r evision in view of the inst ances of sickness and death 
amo ng hu man beings reported hy some aut hors. Unde r 
natu ral condi tions these rat viruses. lost their virulence and 
notoriously failed in their action. 
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fla t surv ey:; are of great value to determine the absence 
of rodent plague, especially at seaports . 

According to Rosenau 8S , the number of rats examined in 
these surveys should he, at least, 1,000 for every 10,000 of 
human popu latio n. 
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